Taxonomic data for 135 cultures of bacteria isolated from frozen snap beans and whole kernel corn were analyzed by computer. Of the isolates, 79% were grouped into five major clusters. Two of the groups consisted of leuconostocs, whereas the other three contained homofermentative types. The intergroup similarities suggested a generic level of similarity. Feature frequencies for the groups were calculated, and properties of the different groups are presented. Many of the isolates differed from described species.
Taxonomic data for 135 cultures of bacteria isolated from frozen snap beans and whole kernel corn were analyzed by computer. Of the isolates, 79% were grouped into five major clusters. Two of the groups consisted of leuconostocs, whereas the other three contained homofermentative types. The intergroup similarities suggested a generic level of similarity. Feature frequencies for the groups were calculated, and properties of the different groups are presented. Many of the isolates differed from described species.
In a previous study of "total" count populations on frozen vegetables, 41 % of the organisms on snap beans and 75 % of those on whole kernel corn were gram-positive, catalase-negative cocci (19) . Although many of the organisms resembled typical lactic streptococci, enterococci, and leuconostocs, more than 50% of the 860 isolates appeared to differ significantly from "type cultures" or from organisms described by other investigators.
The objective of this research was to learn more about the catalase-negative cocci contaminating frozen vegetables. Numerical taxonomic procedures were adopted because previously many of the organisms had defied identification by traditional methods. The numerical approach permitted the quantitative measure of relationships between individual isolates as well as between the isolates and described species.
MATERIALS AND METHODS
Three samples each of frozen snap beans and whole kernel corn, collected from a nearby factory, were cultured on tryptone-glucose-yeast extract-agar (1 lactis, S. equinas, group G, K, and N streptococci, and Pediococcus cerevisiae. Except where indicated, inoculated test media were incubated at 32 C for 1 to 3 weeks. Literature citations are presented in Table 1 for the more specialized and perhaps less familiar procedures.
The coded data were computed with an International Business Machines model 360/40 system computer. Georgetown Taxonomy Programs (GTP)-l, GTP-2, and GTP-5 were used in the analysis. These programs have been documented and are available upon request from the Georgetown University Computer Center. Similarity coefficients (per cent S) between each culture pair were calculated by scoring positive matches (17) , and strains were grouped by highest linkage, i.e., cultures were added to a given group at the highest per cent S shared by the entrant culture and any members of that group. An on-line modified sorting program and the Hypothetical Median Organism programs were also used (5, 13) . REsuLTs Figure 1 shows the similarity levels at which the different cultures clustered. All but two of the vegetable isolates clustered at 68% S, the lowest linkage value for the analysis. The five largest groups at 76% S contained 106 cultures, all of which were from the vegetables. Groups I through V, therefore, contained well over a majority (79%) of the isolates.
The frequency of occurrence of positive characters was computed for the major groups, and the properties possessed by 75% of the organisms within each group was tabulated (Tables 2, 3) . The 76% S level was selected for examination because groups I and II, which differed in many properties traditionally thought to be of taxonomic significance, still remained separate at this point. It is of interest that, in another study (15), (Table 2) . Group V organisms were not typical (12) in that, although they fermented pentoses, they did not produce dextran. Strong evidence that they were not merely dextran-negative strains of L. mesenteroides was provided by the fact that groups III and V merged at a significantly lower level of similarity (70% S), a level at which hetero-and homofermentative groups merged (Fig. 1) .
Organisms resembling the group V leuconostocs Groups I, II, and V were made up of homofermentative cocci. They contained, respectively, 13, 20, and 5% of the vegetable isolates. Table 3 compares some of the properties possessed by 75% or more the organisms within individual groups.
The group IV organisms were typical enterococci with respect to growth temperatures, tolerance to high salt and alkaline pH values, and heat resistance (16) . Placing the organisms into a given species proved difficult, however, because they shared traits with both S. faecalis and S. faecium. For example, their ability to ferment arabinose, their weak reaction in litmus milk, and their inability to utilize sorbitol, pyruvate, and gluconate are all characteristic of S. faecium (8, 22) . Their reduction of 0.04% potassium tellurite and utilization of malate, on the other hand, are properties of S. faecalis.
The group I organisms were low-temperature types in that, although all grew at 10 and 32 C, only 50% of the cultures grew at 37 C and none at 45 C. On the basis of growth temperatures, they would be classified as lactic streptococci. The organisms resembled S. lactis in that they produced ammonia from arginine and grew in the presence of 4% NaCl and in milk containing 0. 1 % methylene blue. They differed in that they were lactose-negative, fermented inulin, and many would not grow at 40 C. The typical reaction in litmus milk, of course, was not observed.
The group II organisms grew at both 10 and 45 C and thus resembled enterococci as well as strains of S. uberis. It is apparent that they were not enterococci, since the group did not possess other characteristics of the enterococci and merged with group IV at the low similarity level of 69% S. The group differed from descriptions of S. uberis in that it did not ferment sorbitol, utilize glycerol aerobically, or produce ammonia from arginine.
At 68% S, four small clusters, labeled A through D, remained separate from the bulk of the isolates (Fig. 1) . One of the pair in "A" was P. cerevisiae, suggesting identification of the vegetable isolate with this genus. The organisms in "C" were heterotrophic dextran formers with considerably different features from groups III and V. Groups B and D were capable of hydrolyzing starch, suggesting a relationship with the viridans group of streptococci. The lactosenegative group B resembled S. equinas, whereas group D, which fermented lactose, was more similar to S. bovis.
DIscUSSION
Our results differ from earlier work (18) in that previously 10 to 15% of the catalase-negative cocci isolated from frozen vegetables were typical lactic streptococci, whereas no lactic streptococci were found in this study. In agreement with the earlier study, however, was the finding that many of the homofermentative isolates were not significantly related to described species.
Some of the differences between the isolates and described species with respect to currently accepted taxonomic criteria have been noted. The computed similarities of the isolates with named cultures from other collections did not substantially differ with traditional taxonomic approaches to the identification of the isolates examined in this analysis. The current diagnostic schema also indicate that the isolates are not closely related to known or "type" cultures. In general, culture collection strains and the vege- (19) .
It is of interest that at about 70% S the two heterofermentative groups merged with each other and with the three homofermentative groups (Fig. 1) 
